Measurement of Femoral Notch Type
Show Low Inter-Rater Reliability
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ABSTRACT
Background: Preventing first time anterior cruciate

ligament (ACL) injury and the devastating sequela of
post-traumatic osteoarthritis in the young athlete has
attracted efforts to identify risk factors for development
of ACL injury. Femoral notch type has been related
to risk of ACL injury in previous studies. However,
little data exists to support the reliability of assessing
this qualitative measurement amongst independent
investigators.
Methods: Femoral notch type was measured from
magnetic resonance imaging sections of 344 injured
ACL and control knees by three investigators with
different levels of professional experience. Inter-rater
reliability was assessed using Cohen’s kappa statistic.
Results: The simple kappa statistic between
investigators 1 and 2 was 0.44 (SE 0.04, 95% CI 0.36 –
0.53); between investigators 1 and 3 was 0.31 (SE 0.04,
95% CI 0.22 – 0.40); and between investigators 2 and 3
was 0.16 (SE 0.05, 95% CI 0.08 – 0.25).
Conclusions: There is low inter-rater reliability for
measuring femoral notch type.
Keywords: Femoral Notch Type, ACL Injury, Reliability,
Risk Factor

INTRODUCTION
Anterior cruciate ligament (ACL) injuries affect over
200,000 individuals in the United States annually,
and they are particularly prevalent in the young
athletic population.1 Estimates of incidence per 1000
exposures have been reported at 0.08% in female
athletes and 0.05% in male athletes.2 ACL disruption is
a debilitating injury, and it is especially devastating in
the athletic population. These injuries are painful, can
prevent athletes from immediate return to play, and
are career ending in some instances. ACL injuries are
often complicated by concomitant injury to the medial
meniscus (0 - 28%), lateral meniscus (20 - 45%), and
medial collateral ligament (19 - 38%).3 These injuries
have been shown to alter the biomechanics about
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the knee, and they are associated with the onset and
progression of post-traumatic osteoarthritis (PTOA).4
There are currently no effective treatment options for
young and healthy individuals with PTOA. As such, there
have been an increasing amount of research aimed at
identifying intrinsic and extrinsic factors that place
an individual at risk of developing an ACL injury.5-15
Ultimately, the goal of determining risk factors for
ACL injury is to identify which individuals may benefit
from pre-injury intervention in order to prevent the
occurrence of ACL injury and the devastating sequela
of PTOA.
The intercondylar morphology of the femoral
notch serves as the origin of the ACL, and it has been
well studied in relation to ACL injury. Alterations in
morphology would logically impact the stress and
strain imparted on the ACL during activity. For instance,
decreased femoral notch width has been related to
increased risk of first time ACL injury,15 increased risk
of contralateral ACL injury following a first time ACL
injury,16 and increased risk of ACL graft injury.17 Previous
studies have investigated the relationship between the
shape of the femoral notch (ie, notch type) and the
risk of suffering ACL injury; however, the findings from
these reports have been inconsistent.18-21 Femoral notch
shape can be assessed via visual inspection at the time
of arthroscopy (or, using images acquired at the time
of arthroscopy), or with image-based techniques such
as computed tomography (CT) or magnetic resonance
imaging (MRI).
The inconsistent findings from these previous studies
may be attributed, at least in part, to the subjectivity
and decreased reliability associated with the qualitative
assessment of the femoral notch shape. Qualitative
measurements are inherently subjected to measurement
bias, calling into question the ability of using notch type
as a reliable predictor for assessing risk of ACL injury.
The purpose of our current study was to determine
the reliability of measuring notch type morphology
between three investigators with different levels of
experience. Our hypothesis was that there is low inter-

Figure 1. Axial T1-weighted magnetic resonance imaging displaying Type-A, -U, and -W notch types,
respectively.
rater reliability for measurements of femoral notch type
morphology.

METHODS
This investigation was approved by our Institutional
Review Board (CHRMS #19-0050), and all participants
provided informed consent prior to data collection. MRI
data of injured ACL and control knees were obtained as
part of a previously reported prospective cohort study
with a nested case-control analysis.22 Over the course
of 4 years, athletic teams from 36 institutions (ie, 28
high schools and 8 colleges) were monitored to identify
patients who suffered an ACL disruption. Participants
were included in the study if they had torn their ACL
during participation in an organized sport, had no
prior ACL injury, and were injured by a non-contact
mechanism. At the time of enrollment of the ACL
injured participant, a control participant of the same
age and sex was selected from the same athletic team.
Control patients were also enrolled in the study. For
the ACL injured participants, MRI data were acquired
within 3 weeks of injury and before surgery. The control
participants underwent MRI examination during the
same week as ACL injured participants.
Both ACL injured and control participants underwent
bilateral MRI with a Philips Achieva 3.0T TX scanner
system (Philips Medical Systems, Best, Netherlands).
Participants had both knees scanned with the joint
placed in an extended position inside an 8-channel
SENSE knee coil (Philips Medical Systems, Best,
Netherlands) by the same technicians over the course
of the study. Sagittal-plane MRI data were acquired with
T1-weighted fast-field echo scans with a slice thickness
of 1.2 mm and a pixel size of 0.3 by 0.3 mm.
Notch type morphology was measured on axial
images at the level of maximal depth of the popliteal
groove of the lateral femoral condyle. At this level, the
single image was sent to reviewers for measurement
of notch type to maximize blinding from injury status.

A total of 344 knees were analyzed by each rater. Of
the 344 knees, there were 100 from men (ACL injured
and uninjured) and 244 from women (ACL injured and
uninjured). Definitions for notch type morphologies
were adapted from previous work by Van Eck et al.19
Notch Type-A was defined as an intercondylar notch
that narrowed from base to midsection to apex, Type-U
as notch that did not significantly taper from base to
midsection, and Type-W as a notch that did not taper
from base to midsection and had two apparent apices
(Figure 1).
Three independent investigators were asked to
characterize notch type morphology. The group of
three investigators was composed of a second-year
medical student (investigator 1); a post-graduate
year-2 orthopaedic surgery resident (investigator 2);
and a sports-medicine fellowship-trained, practicing
orthopaedic surgeon, with over 20 years of experience
with knee surgery (investigator 3). All investigators
were blinded to the injury status of the participant and
to the measurements made by the other investigators.
However, given that ACL fibers could be visualized at
the bone-ligament junction at the ACL origin in the
femoral notch, it was impossible to completely blind
investigators of the injury status of all individuals, as
disruption or inflammatory changes within these fibers
would suggest an ACL injury.
Reliability of notch type morphology measurements
within and between investigators was assessed using
Cohen’s kappa statistic. A kappa of 0.7 or higher was
selected as acceptable reliability for a prognostic
measure for risk of ACL injury.
RESULTS

Patient demographics are discussed in the original
publication of this study cohort by Beynnon et al.22
The inter-rater reliability between investigators 1 and 2
yielded a simple kappa statistic of 0.44 (SE 0.04, 95%
CI 0.36 – 0.53). When assessed between investigators 1
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Table 1. Results of inter-rater reliability kappa statistics
Investigators

Kappa value (CI)

1+2

0.44 (0.36-0.53)

1+3

0.31 (0.23-0.40)

2+3

0.16 (0.08-0.25)

CI, confidence interval

Table 2. Notch type measurements for each investigator
Notch
Type

Investigator 1

Investigator 2

Investigator 3

A

90 (26%)

113 (33%)

164 (48%)

U

235 (68%)

191 (56%)

166 (48%)

W

19 (5%)

40 (11%)

14 (4%)

and 3, the simple kappa statistic was 0.31 (SE 0.04, 95%
CI 0.23 – 0.40). For investigators 2 and 3, the simple
kappa statistic was 0.16 (SE 0.045, 95% CI 0.08 – 0.25)
(Table 1). Stratified data for notch type measurements
for each investigator can be seen in Table 2.

DISCUSSION
Our study revealed low inter-rater reliability for
measuring notch type morphology. This study shows
that notch type is not a reliable replacement for notch
width or other similar characteristics as a predictor of
an individual’s risk for suffering ACL injury.
Previous studies have investigated notch type
morphology as a predictor of risk of ACL injury.
Van Eck et al19 measured notch type morphology
in 102 knees undergoing primary arthroscopic ACL
reconstruction. Intraoperative arthroscopic photos and
videos were acquired and subsequently assessed by
two independent orthopaedic surgeons at separate
time intervals. The intra-rater kappa statistics for the
first and second investigator were 0.513 and 0.610,
respectively, with an inter-rater kappa statistic of 0.526.
The authors concluded that their results yielded an
“acceptable” intra- and inter-rater reliability. The main
differences between the study by Van Eck et al19 and
our study were that they measured notch type using
arthroscopic photos and videos and did not have a
control group. Characterization of femoral notch type
at time of arthroscopy or via arthroscopic images may
be a more reliable method of measurement, as it allows
for visualization of the entire notch simultaneously,
compared to assessing only one two-dimensional
section via CT or MRI. However, arthroscopy is invasive
and costly, and it would not be a reasonable method of
assessing notch type morphology for assessing risk of
ACL injury. Only ACL injured individuals were included
in the report by Van Eck et al; consequently, it is unclear
whether notch type can be reliably measured in patients
with an intact and normal ACL. Additionally, the authors
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did not specify the level of kappa that they considered
to be of sufficient reliability. This is concerning because
the kappa statistic for both inter- and intra-rater
reliability was below the level 0.7, which is what we
considered acceptable in our current study.
Retrospective studies by Bouras et al20 and Al-Saeed
et al21 evaluated MRIs of injured ACL and control knees
to determine notch type. Although both studies found
a significant association between notch Type-A and
increased risk of suffering ACL injury, different criteria
were used for defining notch type morphology between
the two studies. More importantly, neither study
evaluated intra- or inter-rater reliability.
Determining femoral notch type is a qualitative
measurement, and there have been different criteria
used to define the different notch types reported in
the studies.18-21 When using an axial MRI or CT image to
access notch type, the appearance of the distal femur
may change from Type U to Type A owing to the image
or slice level that is selected. It is often not clear which
notch type an individual knee may fall under. As such,
it was not surprising to find variance amongst the three
investigators in our study.
There are potential limitations of this study. The three
investigators differed in training experience. Level of
experience could affect the ability to accurately and
predictably measure notch type morphology. Thus more
consistent results may have been observed if all three
raters were practicing orthopaedic surgeons. However,
the ultimate goal is to identify risk factors that can
be reliably measured by individuals regardless of area
of specialty or level of experience. As such, we felt it
was appropriate to use raters with different levels of
experience in this study.
In conclusion, femoral notch type cannot be
measured with sufficient reliability for use as a
prognostic indicator of ACL injury risk, at least in part
with the MRI planes and knee flexion angles used in
this study.
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